Various cultivation parameters were optimized for the production of extra cellular protease by Brevibacterium linens DSM 20158 grown in solid state fermentation conditions using statistical approach.
INTRODUCTION
Brevibacterium linens influences the surface ripening and final characteristics of smear of cheeses due to its enzymatic and biochemical properties. The greatest numbers of studies have focused on the extracellular proteases of the Brevibacterium linens, largely because of their high activity and importance with respect to cheese ripening (23) . Proteases, also known as peptidyl-peptide hydrolases, are important industrial enzymes, which are responsible for approximately 60% of all enzyme sales (25) , and are utilized extensively in a variety of industries, including laundry detergents, meat tenderization, cheese-making, dehairing, brewery, baking, the production of digestive aids, and the recovery of silver from photographic film. The use of proteases as detergent additives stimulated their commercial development and resulted in a significant expansion of fundamental research into these enzymes (8) . Bacterial neutral proteases work within a narrow pH range and have low thermal tolerance. Due to their intermediate rate of reaction, neutral proteases generate less bitterness in hydrolyzed food proteins than do the animal proteases and hence are important for use in the food industry (36) .
Solid state fermentation has gained attention due to the several advantages it has over submerged fermentation (18) .
The protease production in submerged fermentation was found to be 2.57-3.5 times lower than the highest enzyme production in solid state fermentation using wheat bran as solid support *Corresponding Author. Mailing address: Department of Chemistry, GC University, Lahore, Pakistan.; Tel.: 0092-300-4552051.; E-mail: k_shabbiri@yahoo.com Protease production by B. linens with 50% moisture content as reported by various researchers (30, 32) . Solid-state fermentation is also finding increased application in the production of enzymes, antibiotics, biocides surfactants from wastes such as wheat bran, soybean meal used by various researchers (27, 32) . Ferracini and Sato (4) have reported an increased level of protease production by using MgS0 4 and NH 4 SO 4 salts in solid state cultivation medium.
There have been significant additions to the science and engineering knowledge of solid-state fermentations recently (4, 32, 34) . In the future, solid-state fermentation may well be developed to the same level as submerged fermentation, if validation and standardization continues according to the current trend (31) . From the viewpoint of Pandey et al. (19) the production of proteolytic enzymes in solid-state fermentation systems has greater economic feasibility than the submerged method. Optimization of medium by the traditional method, involving changing one independent variable while fixing all others, is extremely time-consuming and expensive for a large number of variables. To overcome this difficulty, experimental factorial design and response methodology can be used to optimize medium components (1). The Plackett-Burman factorial designs allow screening of significant factors from a large number of fermentation variables, and these designs are thus useful for selecting variables for further optimization processes (25) .
Response surface methodology (RSM) is effectively used for designing experiments with optimum conditions for factors affecting the various bioprocesses (36) . A statistically designed optimization study is helpful in confirming previous effects and interactions of fermentation variables and in determining the optimum values of the critical factors (10) . The application of statistical experimental design techniques in fermentation process development can result in an improvement of product yield, reduce process variability, give closer confirmation of the output response to the experimental values and reduce overall costs. RSM can be used to evaluate the relative significance of several factors even in the presence of complex interactions (14, 20) .
Keeping in view the green environment, as well as the contribution to meet the increased demand of protease production at industrial level, the present study has been designed to improve the protease yield by using agro-industrial wastes as solid substrates because many researchers have reported the enhanced production of proteases as compared to the submerged fermentation processes. Moreover, statistical approaches offer ideal ways for process optimization studies in solid-state fermentation and have advantages because of the fundamental principles of statistics, randomization and replication (4, 17, 20) . There are also some reports on optimization of submerged fermentation using B.linens (24, 33) . However, there is no literature found on the production of protease by SSF using B.linens through a statistical approach. factor of this experimental design was examined at three levels as shown by Table 1 . Table 2 
MATERIALS AND METHODS

Microorganism
Where as Y is the response, β o is the interception coefficient, β i is the linear coefficient. From the ANOVA as given in Table 3, variables (P< 0.05) considered to have significant effect on response, were optimized by response surface methodology (RSM), a multiple regression analysis technique. 
Optimization by Central composite design (CCD) & statistical analysis
After screening the significant variables, a CCD was used for optimization of four variables; inoculum size (C), wheat bran (D), soybean meal (E) and (NH 4 ) 2 SO 4 (H), each were studied at five coded levels i.e. (-2, -1, 0, +1, +2) as shown by Table 4 and the model was explained with twenty one runs, having six replicates at the centre value as given in Table 5 .
The four variables used were coded according to the following equation:
Where "Z" is the coded value of the independent variable, "X" is the corresponding real value, "X o " is at the real value of an independent variable at the centre point and "ΔX" is the step change of the real value at the variable for the value "Z".
The relationship between the response and the independent variables was explained by using the second order polynomial equation:
Where Y is the predicted response, β o is the interception coefficient, β i is the linear coefficient, β ii is quadratic coefficient and β ij is the interaction coefficient. The multiple regression analysis of the model and construction of response surface graphs were performed by using Design-Expert, version 7. 
RESULTS AND DISCUSSION
Selection of carbon and nitrogen sources for Protease production
Selection of best carbon and nitrogen source was made according to previous study by using "one factor at a time" Protease production by B. linens method (3). In our study, among solid media; maximum protease production was shown by soybean meal (2051 U/g) and wheat bran (1435 U/g) followed by, rice bran (931 U/g) and rice husk (821 U/g 
Screening of significant variables by Plackett-Burman design
Nine variables were screened by Plackett-Burman design as shown in Table 2 . Two of the six significant variables screened, MgSO 4 and temperature, exerted a negative effect on protease production whereas all other non significant variables were neglected. The significance of the model was calculated by the P-value. P < 0.05 was considered significant (13) .
Soybean meal and inoculum size were most significant followed by wheat bran and (NH 4 ) 2 SO 4 . The effect of the significant variables was determined by ANOVA ( Non-significant lack-of-fit (P: 0.4746) showed that model is fit and its significant variables could be used for further optimization by RSM (9).
Mixture of cheap solid substrates, wheat bran and soybean meal, was used for maximum protease production as reported 
Optimization by Central composite design (CCD) & statistical analysis
Following screening, CCD with twenty one experiments Protease production by B. linens was used to determine the optimal levels of the four significant factors (soybean meal, wheat bran, (NH 4 ) 2 SO 4 , and inoculum size) that affected protease production. According to the regression analysis of the RSM ( The ANOVA for the second order polynomial model as given in Table 7 showed that R 2 was 0.9994 which means that model could explain 99.94% of the variation in response showed that the model was significant as previously reported (11) . The coefficient of variation % (CV%) is a measure of residual variation of the data relative to the size of the mean.
Usually, the higher the value of CV, the lower is the reliability of experiment (15) . A low coefficient variation (CV=2. 25) showed the reliability of the experiments conducted. Adequate precision 82.899 explained significantly the good fit of the model as this value should be above "4" explaining the signal to noise to navigate the design space excellently (27) . The contour plots as shown by Figure 1 provided information about the interaction between two variables and interpreted the optimum experimental conditions. These plots were generated for the pair wise combination of the four variables, while keeping the other two at their centre point levels. Thus the elliptical contour plots clearly indicate that the mutual interaction is prominent among factors (15, 37) . Figure 1A depicts the contour plot of the calculated response from the interaction between wheat bran and inoculum size while keeping the other two variables ((NH 4 ) 2 SO 4 and soybean meal) at zero level. The result demonstrated that with increase in wheat bran and inoculum size up to 11.21g and 3.85%, respectively, the enzyme production had increased up to 6621 U/g and with further increases, it declined. 
